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Tf-based sulfamide-amine alcohol-catalyzed enantioselective
alkynylation of aldehydes
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Abstract

A series of new chiral Tf-based sulfamide-amine alcohols (Tf-based SAA) were synthesized from natural chiral (�)-ephedrine and
aziridines derived from commercially available chiral amino alcohols. Among these ligands, 3a was found to be more effective for the
addition reaction of alkynylzinc to aromatic aldehyes at room temperature without using other kinds of metal species, providing 81–
92% ee and up to 99% yields.
� 2008 Elsevier Ltd. All rights reserved.
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Catalytic asymmetric formation of C–C bonds is one of
the most powerful methods for modern organic synthesis.1

Enantioselective addition of terminal alkynes to carbonyl
compounds is a useful approach to the preparation of chi-
ral secondary propargyl alcohols,2 which are important
building blocks for the synthesis of many pharmaceuticals
and natural products.3 In recent years, the asymmetric
addition of alkynylzinc to aldehydes was extensively stud-
ied via chiral amino alcohols,4 BINOL and its derivatives,5

and sulfonamides.6 However, Ti(O–iPr)4 or other metal
species were usually necessary in these catalytic systems
except a few chiral ligands.7 Very recently, we reported a
series of chiral Ts-based sulfamide-amine alcohol (SAA)
ligands for the asymmetric diethylzinc addition to alde-
hydes without using the titanium complex.8 Thereafter,
we found that the catalysts were also effective for the asym-
metric alkynylation of carbonyl compounds.9 It is well
known that enantioselectivities of chiral ligand-catalyzed
reactions are always related to the electronic effects of
ligands besides their steric effects. Considering the strongly
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electron-withdrawing nature of p-tolyl sulfonyl (Ts) in the
aforesaid ligands,10 we turned to the trifluoromethanesul-
fonyl (Tf), a more strongly electron-withdrawing group
and a new class of Tf-based sulfamide-amine alcohols
(Tf-based SAA) were prepared through two simple efficient
steps (Scheme 1).11 Herein, we report Tf-based SAA-
catalyzed asymmetric addition of phenylacetylene to alde-
hydes in the absence of Ti(O–iPr)4 at room temperature.

The new Tf-based SAA ligands were applied in the
enantioselective addition of alkynylzinc to benzaldehyde
in hexane (Table 1).12 As shown, 1a, 2a, 3a and 4a derived
from (R)-aziridines gave good enantioselectivities (Table 1,
entries 1, 3, 5 and 7) and were more effective than those (1b,
2b, 3b and 4b) derived from (S)-aziridines (Table 1, entries
2, 4, 6 and 8). The (R)-configuration of the chiral carbon
linked to nitrogen of sulfamide was necessary to achieve
high enantioselectivities. Interestingly, we also found a
trend among ligands 1a, 2a, 3a and 4a that the catalytic
enantioselectivity was higher with more sterically hindered
substituting group at the chiral carbon (Table 1, entries 1,
3, 5 and 7). However, unexpectedly, ligand 5 possessing a
bulkier tert-butyl group only provided a moderate asym-
metric induction of 52% ee (Table 1, entry 9). 3a was the
most effective ligand among those Tf-based SAA ligands,
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Scheme 1. Synthesis of Tf-based sulfamide-amine alcohols.

Table 1
Asymmetric addition of phenylacetylene to benzaldehyde catalyzed by Tf-
based SAAa,b

Ph H

O

+ Ph Ph
Ph

H OHLigand

Et2Zn

Entry Ligand Yieldc (%) eed (%)

1 1a 58 68
2 1b 61 2
3 2a 70 77
4 2b 63 �6
5 3a 92 88
6 3b 74 45
7 4a 82 76
8 4b 72 0
9 5 84 52

a Phenylacetylene/Et2Zn/aldehyde/ligand = 2.0:2.0:1:0.1;1 mL hexane,
20 h.

b All reactions were performed under argon and at room temperature.
c Isolated yield.
d The ee values were determined by HPLC on a Chiracel OD-H column.

Table 2
Asymmetric addition of phenylacetylene to benzaldehyde using 3a as
ligand under various conditionsa,b

Entry 3a (mol %) Solvent T (�C) Time (h) Yieldd (%) eee (%)

1 10 THF rt 20 55 14
2 10 CH2Cl2 rt 20 92 85
3 10 Et2O rt 20 90 42
4 10 Hexane rt 20 92 88
5 10 Toluene rt 20 99 92
6c 10 Toluene rt 20 91 89
7 10 Toluene �20 48 50 82
8 10 Toluene 0 24 50 87
9 5 Toluene rt 24 76 86

10 20 Toluene rt 16 99 92
11 10 Toluene rt 16 99 92
12 10 Toluene rt 12 90 91

a Phenylacetylene/Et2Zn/aldehyde = 2.0:2.0:1; unless otherwise stated,
the volume of solvent was 1 mL.

b All reactions were performed under argon.
c The volume of toluene was 2 mL.
d Isolated yield.
e The ee values were determined by HPLC on a Chiracel OD-H column.
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affording the highest asymmetric activity with 88% ee and
92% yield (Table 1, entry 5).

To improve the enantioselectivity, the reaction condi-
tions, including solvent, temperature and the amount of
ligand, were optimized with 3a (Table 2). We found that
the results were strongly influenced by the solvent. When
the reaction was carried out in THF or Et2O, low ee values
were afforded (Table 2, entries 1 and 3). However, there
was a dramatic enhancement in enantioselectivity when
dichloromethane, hexane or toluene was used as the sol-
vent (Table 2, entries 2, 4 and 5). It was found that toluene
was the best solvent, and the corresponding optically active
propargyl alcohol was obtained in 99% yield and 92% ee
(Table 2, entry 5). When the volume of toluene was dou-
bled, the enantioselectivity decreased slightly (Table 2,
entry 6). Moreover, decreased ee values were provided at
lower temperatures (Table 2, entries 7 and 8). When the
amount of ligand 3a was reduced to 5 mol %, the ee value
was slightly influenced, but the yield was obviously
decreased (Table 2, entry 9). Increasing the amount of
ligand 3a to 20 mol % did not have any beneficial effect
(Table 2, entries 10 and 11). We also found that the reac-
tion had been effectively completed in 16 h (Table 2, entries
11 and 12).



Table 3
Asymmetric addition of phenylacetylene to aldehydes promoted by ligand
3aa,b

R H

O
+ Ph R

Ph

H OHLigand 3a

Et2Zn

Entry R Yieldc (%) eed (%)

1 Ph 99 92
2 o-Me–Ph 99 90
3 m-Me–Ph 92 90
4 p-Cl–Ph 99 89
5 m-MeO–Ph 88 83
6 p-MeO–Ph 96 89
7 o-F–Ph 84 81
8 m-F–Ph 99 88
9 p-F–Ph 93 85

10 m-CF3-Ph 75 84
11 p-CF3-Ph 99 88
12 3,5-2Cl–Ph 65 84
13 1-Naphthyl 95 89
14 Cyclohexyl 84 54

a Phenylacetylene/Et2Zn/aldehyde/ligand = 2.0:2.0:1:0.1; 1 mL toluene,
rt, 16 h.

b All reactions were performed under argon and at room temperature.
c Isolated yield.
d The ee values were determined by HPLC on a Chiracel OD-H column.
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Under the optimized reaction conditions (Table 2, entry
11), ligand 3a was successfully employed to catalyze the
asymmetric addition of phenylacetylene to aldehydes. As
can be seen from the summarized results (Table 3), this
method was highly efficient for all of aromatic aldehydes
studied; the propargylic alcohols were obtained with 81–
92% ee and up to 99% yield (Table 3, entries 1–13). More-
over, 54% ee for cyclohexanecarboxaldehyde was provided
(Table 3, entry 14).

In summary, a class of new chiral Tf-based SAA ligands
has been conveniently synthesized from commercially
available starting materials in two simple steps. Tf-based
SAA 3a is a highly enantioselective and extensively practi-
cal ligand for the enantioselective alkynylation of aromatic
aldehydes in the absence of Ti(O–iPr)4 at room tempera-
ture. Comparing our Ts-based SAA for this reaction of
up to 84% ee,9b it provides a more effective practical
method to produce chiral propargyl alcohols. Studies are
currently underway to apply these ligands to other enantio-
selective catalytic reactions.
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